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3.1  SOMHARr 

3.1.1  A  aeries  of  five  leading  edge  concepts  vere  subjected  to  three 
separate  environment  test  programs.  Each  configuration  vas  exposed 
to  a  sonic  environment,  a  thermal  gradient  test,  a  second  sonic 
exposure,  and  finally,  a  static  load  test.  The  purpose  of  these 
tests  vas  to  evaluate  these  five  basic  leading  edge  concepts  and 
their  various  design  features  to  obtain  information  for  a  production 
configuration  and  to  verify  analytical  procedures. 

3.1.2  The  phase  A  of  the  sonic  test  program  (lT-5‘6l7-lA.-Reference  l) 
consisted  of  the  exposure  of  each  specimen  to  a  random  noise 
environment  of  152.5  db  SPL*  (overall)  for  30  minutes. 

3.1.3  The  heat  test  program  (LT-^5*6l7-2-Reference  1)  consisted  of 
subjecting  each  specimen  to  four  2700*F.  beat  cycles  of  forty 
minutes  duration,  and  one  3000“F.  heat  cycle  of  ten  minutes 
duration.  The  data  collected  vas  used  to  determine  design 
temperature  distribution. 

3.1.4  After  the  heat  program  each  specimen  vas  exposed  to  a  sonic  enviroa- 
■ment  of  152.5  db  SPL  (overall)  for  30  minutes'  and  then  to  155*5  db 
for  an  additional  30  minutes,  according  to  phase  B  of  LT-5“bl7-l- 
Eeference  1). 

3.1.5  The  load  program  (LT-5"6l7-3*R6f6rence  l)  consisted  of  slov-load 
testing  five  specimen  configurations  (detailed  on  dravings  number 
25-20341,  25-20367,  25-20372,  25-20376,  end  25-20378)  at  a  rate  .of 
180  pounds  per  minutes,  and  rapid-load  testing  of  two  speciraen  ^ 
configurations  (detailed  on  dravings  number  25-20341  and  25-20376) 

at  a  rate  of  94,000  pounds  per  minute.  All  specimens  vere  instinuaented 
vith  deflection  clips  used  in  conjunction  vith  the  pbotographic- 
deflectlon-Eeasurement  technique.  Four  of  the . slov-loed  tested 
specimens  (25-20367,  25-20372,  25-20376,  and  25-20373)  vere  instru¬ 
mented  vith  rosette  strain  gages. 
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1.  D2-67^3-1  Structural  Intecrity  Developraont  and  '2ect  Progi^ani  - 
Detail  Flan  -  Structures  Technology 

2,  Leading  Edge  Segrent  -  Forward  Body  (Test  Only)  25-20572 

3.  Leading  Edge  Segirient  -  Forward  Body  (Test  Only)  25-20378 

f  ••  ’  * 

4,  Leading  Edge  Segment  -  Stiffened  (Test  Only)  25-20367 

5«  Leading  Edge  Segn.ent  -  Forward  Body  -  Unstiffened  (Test  Only) 
25-20341  '  ■ 

6.  Leading  Edge  Segnent  -  Forward  Body  -.Riveted  (Test  Only)  25-20576 

7.  Support  Assembly  of.  Leading  Edge  Segment  -  Forward  Body 
(Test  Only)  25-20355. 


o.  Support  Installation  of  Leading  Edge  Segment  -  Forward  Body 
(Test -Only)  25-.20375 
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Pig.  no. 
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3-1 

Typical  Leading  Edge  Speeliaen  Mounted  on  . 
Sonic  Test  Fixture 

3-19 

3-2 

Typical  Leading  Edge  Speeluen  vlth  Heat 
Shields  Installed 

3-20 

3-3 

Sonic  Test  Instruffientatlon  Locations 

3-21 

3-^  . 

Thennoeouple  prohe  Holders  and  Temlnal 

Board 

3-22 

3-5  and 
3-6 

25-20372  Monitor  Thermocouple  Locations 

3-23 

3-24 

3-7  and 
3-6 

25-20367  Monitor  Thermocouple  Locations 

3-25 

3-26 

3-9  and 
3-10 

25*‘20378  Monitor  Thermocouple  Locations 

3-27 

3-28 

3-11. and 
3-12 

25-20341  Monitor  Thennoeouple  Locations 

3-29 

3-30 

3-13  an<i 
3-14 

25-20376  Monitor  Thermocouple  Locations 

3-31 

3-32 

3-15  end  . 
3-16 

Irfucp  .and  Zone  Layout  -  Control  Thermo-  • 
couple  Locations 

3-33 

3-34 

3-17 

Photographic  Deflection  Measurement 

Locations 

3-35 

3-18 

25-20372-1  Rosette  Strain  Gage  Location 

3-36 

3-19 

25-20367-1  Rosette  Strain  Gage  Location 

3-37  . 

3-20 

25-20378-1  Rosette  Strain  Gage  Location 

3-38 

3-21 

25-20376-1  Rosette-  Strain  Gage  Location 

3-39 

3-22  end 
3-23 

25-20372-1  Strain  Gage  Instrunjentetion 

Before  Load  Test 

3-40 

3-41 

3-24  and 
3-25 

25-20367-1  Before  Load  Test 

3-42 

3-43 

3-26  end 

3-27 

25-20378-1  Before  Load  Test 

3-44 

3-45 

3-28  and 
3-29 

25-20341-1  Before  Load  Test 

3-46 

.  3-47 

3-30  and 
3-31 

25-20376-1  Before  Load  Test 

■  3-48 

3-49 

3-32 

Typical  Leading  Edge  Positioned  in  Prog¬ 
ressive  Vave  Horn  for  Sonic  Testing 

3-50 

3-33 

Progressive  Wave  Horn 

3-51 
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3-34  Sonic  Test  Facility  Control  System  - 

Schematic  Diagram  3-52 

3-35  Thermal  Gradient  Test  Fixture  3-53 

3-36  Thermal  Gradient  Test  Fixture  in  Open 

Position  3-54 

3-37  Load  Test  Fixture  3-55 

3-38  Sonic  Test  Program  5-56 

3-39  Thermal  Gradient  Test  Program  (Maneuver 

■Cycle  5-57 

5-40  Thermal  Gradient  Test  Program  (Trajectory 

Cycle  5-58 

5-41  25-20567-1  Displaying  Typical  Load  and 

Deflection  Keasurenent  Technique  5-59 

5-42  25-20572-1  After  Sonic  Test  5-60 

5-45  25-20372-2  After  Sonic  Test  3-61 

3-44  .  25-20367-1  After  Sonic  Test  5-62 

3-45  25-20367-2  After  Sonic  Test  5-63 

3-46  25-20378-1  After  Sonic  Test  3-64 

5-47  25-20578-2  After  Sonic  Test  3-65 

5-48  25-20541-1  After  Sonic  Test  5-66 

3-49  25-20341-2  After  Sonic  Test  3-67 

3-50  25-20576-1  After  Sonic  Test  5-68 

5-51  25-20576-2  After  Sonic  Test  5-69 

5-52  Deleted  '  5-70 

5-53i  a  Typical  Trajectory  Thermal  Gradient  3-71 

5-54 1  and  Cycle  3-72 

3-55 ,  3-73 

■  3-56|  ■  •  A  Typical  Maneuver  Thermal  Gradient  3-74 

5-57,  and  Cycle  5-75 

5-58  3-76 

3-59  25-20372-1  Before  Heat  Test  3-77 

5-60  25-20572-1  After  Heat  Test  ■  5-78 

5-61  25-20572-2  Before  Heat  Test  3-79 

3-62  25-20572-2  After  Heat  Test  5-80 

5-63  25-20567-1  Before  Heat  Test  3-8l 

3-64  25-20367-1  After  Heat  Test  5-82 
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Title 

Page  Ho. 

3-65 

25-20367-1  After  Heat  Teet 

3-83 

3-66 

25-20367-2  Befow  Heat  Test 

3-84 

3-67 

25-20367-2  After  Heat  Teat 

3-85 

3-68 

25-20367-2  After  Heat  Teat 

3-86 

3-69 

25-20378-1  Before  Heat  Teat 

3-87 

3-70 

25-20378-1  After  4  Heat  Cyclea 

3-88 

3-71 

25-20378-1  After  4  Heat  Cyclea 

3-89 

3-72 

25-20378-1  After  4  Heat  Cyclea 

3-90 

3-73 

25-20378-1  After  Heat  Teat 

3-91 

3-7^^ 

25-20378-2  After  Heat  Teat 

3-92 

3-75 

25-20378-2  After  Heat  Teat 

3-93 

3-76 

25-20341-1  Before  Heat  Test 

3-94 

3-77 

25r2034l-l  After  Heat  Test 

3-95 

3-78 

25-20341-2  Before  Heat  Test 

3-96 

3-79 

25-20341-2  After  Heat  Test 

3-97  • 

3-80 

25-20341-2  After  Heat  Test 

3-98 

■  3-81 

25-20376-1  Before  Heat  Test 

■3-99 

3-82 

25-20376-1  After  Heat  Test 

3-100 

3-83 

25-20376-1  After  Heat  Teat  . 

3-101 

3-84 

25-20376-2  Before  Heat  Test 

3-102 

3-85 

25-20376-2  After  Heat  Test 

3-103 

3-86 

.25-20376-2  After  Heat  Test 

3-104 

3-87 

25-20372-1  Slow-Load  Tested 

3-105 

3-88 

25-20372-1  Slov-Load  Tested 

3-106 

3-89 

25-20372*1  Slov-Load  Tested 

3-107 

3-90 

25-20367-1  Slov-Load  Tested 

3-108 

3-91 

25-20367-1  Slow-Load  Tested 

3-109 

3-92 

25-20367-1  Slov-Load  Tested 

3-110 

3-93 

25-20378-1  Slow-Load  Tested 

3-111 

3-94 

25-20378-1  Slow-Load  Tested 

3-112 

3-95 

25-20378-1  Slow-Load  Tested 

3-113 

3-96 

25-20376-1  Slow-Load  Tested. 

3-114 

3-97 

25-20376-1  Slow-Load  Tested 

3-115 

3-98 

25-20376-1  Slow-Load  Tested 

3-116 

3-99 

25-20341-1  Slow-Load  Tested 

3-117 
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Title 

3-100 

25-20541-2  Rapid-Load  Tested 

3-101 

25-20376-2  Rapid-Load  Tested 

5-102 

25-20376-2  Rapid-Load  Tested 

5-103 

25-20376-2  Rapid-Load  Tested 

5-104 

25-20376-2  Rapid-Load  Tested 

5-105 

25-20572-1  X-ray  After  Load  Test 

5-106 

25-20367-1  X-ray  After  Load. Test 

5-107 

25-20378-1  X-ray  After  Load  Test 

3-108 

25-20378-V  X-ray  After  Load  Test 

5-109 

25-20376-1  X-ray  After  Load  Test  • 

5-110  . 

Amplitude  Distribution  Limits  for  All 
Specimens  Tested 

3rlll 

25-20372-1  Sonic  Test  Spectrum 

5-112 

25-20372-2  Sonic  Test  Spectrum 

5-115 

25-20367-1  Sonic  Test  Spectrum 

5-114 

25-20367-2  Sonic  Test  Spectrum 

5-115  ■ 

25-20378-1  Sonic  Test  Spectrum 

5-116 

25-20378-2  Sonic  Test  Spectrum 

5-117 

25-20341-1  Sonic  Test  Spectrum 

5-118  ■ 

25-20341-2  Sonic  Test  Spectrum 

5-119 

25-20376-1  Sonic  Test  Spectrum 

5-120 

25-20376-2  Sonic  Test  Spectrum 
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In  Uevesber  of  I960  five  forward  body  Reading  edge  concepts  were 
chosen  fcr  evaluation.  A  total  of  ten  specimens  were  subjected  to 
simulated  flight  test  conditions  for  comparative  evaluation.-  The 
foUov/ing  sequence  of  tests  were  performed  on  the  specimens: 

1.  .Sonic  -  152.5  db  normal  incident  random  sound. 

2.  Thertnal  cycles  -  Four  cycles  to  2700*  F. 

One  cycle  to  yXX)^  F.  • 

3.  ■  Sonic  -  155.5  db  nor.r,al  incident  random  sound. 

4.  Ultimate  Load  -  Load  rates  iPO  pounds  per  minute,  and 

9^»000  pounds  per  minute. 

These  tests  were  conducted  to  obtain  fatigue,  thermal  stress,  and 
oxidation  resistance  properties  since  empirical  test  data  was 
recuired  to 'evaluate  complex  stnictures  and  to  verify  analytical 
design .procedures. 

This  is  the  third  .section  of  three  of  L?.-5CC."3  covering  the  testing 
of  K-20  ?.eadins  edge  concerts  and  coa.sists  of  throe  volumes.  See 
Sections  1  and'  2  for  plas;.ia  jot  shroud  testing  of  concepts  having 
the  same  external  configuration. 
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3,5  TEST  SPSCI^SN  AND  INSTRUMENTATION 

3.5.1  Test  Specimen 

3.5.1.1  A  typical  leading  edge  test  specimen  assembly,  mounted  and  ready  for 
sonic  testing,  is  shown  in  Figure  3-1*  Each  specimen  assembly  consisted 
of  two  parts:  (1)  A  leading  edge  segment  fabricated  from  molybdenum 
-0,5:^  titanium  alloy  with  an  oxidation-resistant  coating  of  molybdenum 
disilicide;  and  (2)  a  backup  structure  from  Rene'  4l  materi.al.  During 
thermal  cycling,  simulated  heat  shields  coated  with  Mo-.5Ti  skin  were 
added  as  shown  in  Figure  3-2  to  provide  the  proper  thermal  environment 
on  the  leading  edge  and  leading  edge  beam, 

3. 5. 1.2  Two  preliminary  coating  processes  were  used  to  apply  the  molybdenum 
disilicide  coating:  (1)  SPZ-1  (pack  cementation);  and  (2)  SP2r.4 
(fluidized  bed).  The  process  by  which  the  coating  was  applied  varied 
with  each  specimen  and  is  tabulated  below: 


Boeing 
Drawing 
Number  . 

Speciraen^^ 

No. 

Description 

Coating 

Process 

25-20372 

1 

DS  L.E.  Unstiffened 
Single  Shell 

' SPZ-1 

25-20372 

2  : 

DS  L.E.  Unstiffened 
Single  Shell 

■  SPZ-1 

25-20367 

1 

DS  L.E.  Double  Skin 

Long  Segments 

SPZ-1 

25-20367 

2 

DS  L.E.  Double  Skin 
Long  Segments 

SPZ-4 

25-20378 

1 

DS  L.E.  Double  Skin 
Short  Segments 

SPZ-4 

25-20378 

2 

DS  L.E.  Double  Skin 
Short  Segments 

■  SPZ-4 

.25-20341 

1 

DS  L.E.  Unstiffened 

SPZ-1 

25-20541 


25-20376 


25-20376 

j^^Boeing  drawing 
numbers  to  the 

U3  4238  2000  REV.  8/62 


Single  Shell 

DS  L.E.  • Unstiffened 
Shell  Corners  Reinforced 
Single  Shell 


SPZ-1 


1  DS  L.E,  Riveted  Ribs  SPZt4  Details 

Single  Shell  SPZ-1  Assembly 

2  DS  L.E.  Riveted  Ribs  SPZ-4  Details 

Single  Shell  SPZ-1  Assembly 

lot  and  specimen  numbers  are  used  interchangeably  as  dash 
basic  Boeing  drav/ing  number  in  this  document. _ 
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5,5*2  ■  Inntmineataticn 

■3,5.2.!  For;  the  sorac  tect  phsco,  two  non-coatact  deflection  pickups  were 

used  to  cuoriitor  the  specinwa  structural  response  and  the  sonic  en*  • 
vironnent  \;c.a  aionitored  v.ith  one  Altec  21BRr2'30  microphone  located 
in  front  of  each  cpecisien  as  shown  in  Tig.  3-3»- 

3,5.2.2  Ibr  the  themal  cycle  test  phase,  each  specirwn  was  instrumented  with 
eleven,  22  gage,  refrasil  insulated,  chromel  vs.  alumel  thermocouples, 
and  eighteen  platinum  vs.  platinui;  13^  rhodium  alloy  thermocouple 
probes. 

3. 5. 2. 2.1  The  chromel  vc.  alutrkel  thermocouples  were  spot  welded  to  the  Rene  4l 

backup  sui’ucture,  and  the  platinum  probes  were  positioned  on  the 
leading  edge  segment  a:id  heat  shields. 


3.5. 2. 2. 2  The  probe  type  thert'c'couvlcs  conristed  of  a  platir.uni  vs.  .platinum 

13  j  rhodium  alloy  theri’iocoui)le  encased  in  a  la-inc:h  long,  0.125-inch 
dia:..-. t(;i'  alu;.-.ina  inrulator,  TV;  th..rr,occuple  van  Grotvcldod -to  a 
O.'025-ir.ch  thick  platinuii  disc,  0..';50-irch  in  :liaR.c.-ter,  v.'h.-.ch  v/as 
then  flam-:-  anraged  v/ith  a  0,C05-inch  layt-r  of  .'-.lui.ina  to  prevent  re¬ 
action  of  platinum  v/ith  the  c/hcilicido  coating.  Spring  Ic  -ded  holders 
(?ig.  '3-4)  were  used  to  position  the  probes  against  tl.a  tent  sp'ci- 
men  surface. 


5.5«2.2«3 


Monitor  thermocouple  locations  a-ro  shown  in  .-ags.  p— 
and  control  thermocouple  locations  aro  shown  in  Fig. 


5  throurh  5-14. 
3-15  and  5-1^ ‘ 


3. 5. 2. 5  All  of  the  specimens  that  were  load  tested  v;er«  instrumented  with 

deflection  clips  used  v.ith  the  photorraphic-deflecticn-neaaurer.-.ent 
•technicue.  Clip  locations  arc  shown  in  Figure-  3-17.  Four  of  the 
snecimer-s  tested  (detailed  on  drawings  number  23-?'^357,  25-2'f372, 
-25-20376,  and  25-20373)  were  also  instrumented  v.ith  rosette  strain 
gages  as  shov.-n  in  .Figiires  3-l8  through  3-21.  Photographs  of  each' 
sneciinen  in  Figures  3-22  through  5-31  illustrate  instrumentation 
before  testing. 
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3,6  TEST  SSTUP 

3  6.1  For  sonic  testing,  the  leading  edge  test  specimen  backup  structure  was 

bolted  to  a  steel  jig  (Fig.  3-1)  in  turn,. bolted  to  floor 

tie-down  rails  such  that  the  specimen  leading  edge  was  positioned 
■  approximately  tliree  feet  inside  the  progressive  wave  horn  chamber 

(Fig.  3-32 )• 

3.6.1.1  The  random  noise  source  consisted  of  four  Altec-Lansing  liodel  6786 
electro-pneumatic  transducers  mounted  at  the  throat  of' the  piogjressive 

■  wave  horn  (Fig.  3-53).  ?ov;er  to  the  transducers  was  supplied  by  two 
200  watt  McIntosh  Amplifiers.  Shaping  of  the  test  spectrum  was 
accomoUshed  using  n.n  Allison  noise  generator  and  octave  band 

equalizer.  •  A  cchei^atic  diagram  cf  the  facility  control  system  is  • 

'  shown  in  Fig.  3-3^* 

■3  6,2  ■  The  test  fixture  used  for  thermally  cycling  the  leading  edge  specimens 

is  shown  in  Fig.  3-35.  The  srecinens  were  held  in  position  on  a 
tabl''  of  alurdna  brick  with  "L"  shaped  clamping  bolts.  A  staanless 
steel  support,  shamed  to  confern  to  the  curvat’uro  of  the  loading  edge, 
positioned  the  lamps.  The  finturc  v:^  hinged  so  the _ lamp  asr-emblxc-c 
could  be  rotated  un  and  av.'ay  to  facilitate  sp£Ci-:x:n  inotallatxon  and 
inspection.  Fig.  3-36  shows  the  test  fixture  in  the  open  wsition. 

3. 6. 2.1  Geneitil  Mloctric  l6'X)T5  quartz  tube  heating  clc-rnents ^Wv; re  uc«d 
air-cooled  cei'amie  reflectors.  The  cooling' aar  wac  cistrioutea  to 
each  lamp  assembly  by  means  of  an  n.lurr.inur,  alloy  manifold  and  copper 
tubing.  Th.e  lamps  wore  in.otalled  pppror.imatcly  one-lulf  to  throe- 

'  .  -quarters  of  an  inch  above  the  specimen  surface. 

3. 6. 2. 2  heat  control  zones  v/erc  used.  ;Ca.ch  control  zone  required  an 
ignitron  rower  controller  and  an  op-erator  to  mcnually  co..vrol  ii.. 

The  required  heat  pregrars  were  drawn. on  the  strip  c'^art  01  tr.e 
resoective  control  recorders.  During  the  test  tne  operator."  i:;anually 
adjusted  the  power  ^0  raise  or  lower  t"e  heat  input  to  the  s.-ecimen 
according  to  the  program  de.-and.  single  .Leerls-h'crtarup ^.Fpeedomap 

G  recorder  vms  used  for  eaph  control  zone  o.t  a  cliart  speed  of  six 
inches  per  minute.  The  temperature  traces  for  each  heat  cycle  were 

produced  v/ith  a  different  color  ink. so  the  same  programs  coula  be 

•  ^ 

re-used. 

3. 6. 2. 3  The  external  surface  of  the  -heat  shield  was  not  to  exceed  c.700®  F. 
Since  the  control  thermocouple  woo  internally  mounted,  an  extra 
recorder  v;as  used  for  each  heat  shield  to' monitor  the  external 
surface  temperature.  The, chart  speed  for  these  recorders  was  one- 
half  inch  per  minute, 

3  6.3  The  test  fixture  for  lead  testing  is  shown  in  Figure  3-37.  Load 

wa.s  applied  through  a  loading  head  consisting  of  a  curved  rubber 
block  backed  up  by  wood  and  aluminum.  The' applied  load  was  reacted 
through  a  back-up  stincture  on  w'nich  the  specimen  was  mounted. 
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,6.3»1  Two  eheets  of  teflon  were  placed  between  the  rubber  and  cpecimen  to 
decrease  friction  and  to  ninicize  tansjcntial  loads  on  the  cujrved 
surface  of  the  sT>:-cinen.  Cutouts  in  the  teflon  vhich  allowed  clearance 
for  the  rosette  gages  and  lead  wires  were  filled  vdth  potting  compound 
to  maintain  load  continuity  over  the  test  specimen  surface. 

.6*3.2  The  setup  sequence  upon  receipt  of  each  specimen  was  to  install  gages 
and  deflection  clips*  iasta.il  teflon  sheets*  pot  the  cutouts*  and 
mount  the  s'oecimen  in  the  test  fixture. 


3.7 


TEST  PROCEDURE 


5.7.1  ■  Sonic  Test  Prof^ram  LT  5-617-1  (Fig.  3-38) 


5.7. 1.1  Each  specimen  was  exposed  to  a  random  noise  environment  of  152.5 
db  SPL  (overall)  for  30  minutes.  The  microphone  and  deflection 
pickups  were  tape  recorded  during  the  initial  portion  of  each 
test  phase  for  later  spectral  analysis  and  amplitude  distribution 
analysis.  Octave  band  analysis  was  made  at  the  start  of  each  test. 

3. 7. 1.2  The  specimens,  upon  return  from  thermal  cycling  per  LT  5-617-2, 

(see  3*7.2)  were  subjected  to  an  additional  50  minutes  at  152.5  <^b* 

•  An  octave  band  analysis  of  the  microphone  and  deflection  pickup 
outputs  were  again  tape  recorded  during  the  first  10  minutes  of 
the  test.  After  15  minutes  the  test  was  interrupted  for  specimen 
inspection  after  which  the  remaining  15  minutes  of  testing  ’were 
completed. 

3. 7. 1.3  The  final  phase  of  the  sonic  test  program  consisted  of  subjecting 
each  tost  specimen  to  a  random  noise  environment  of  155.5 
(overall)  for  3^  minutes.  The  spectrum  of  this  phase  was  3 
higher  in  all  octavo  bands  than  the  previous  phases.  The  specimens 
v;ere  visually  inspected  at  5  minutes,  15  minutes,  and  at  the 
conclusion  of  the  30  minute  test.  The  output  of  the  micropnone 
and  the  two  deflection  pickups  were  tape  recorded  at  the  oeginning 
of  the  tost.  A  5  cps  bandwidth  power  spectral  density  analysis  was 
cade  of  the  microphone  and  pickup  outputs  for  the  first  and  final 
test  periods  for  each  specimen.  This  data  was  stored  with  sonic 
test  facility. 

3.7.2  Heat  Test  Program  LT  5-^17-2  (Flits.  3-39  and  3*^Q). 


3. 7.2.1 


The  test  specimens  v/ere  delivered  to  the  Heat  Laooratory  after 
completion  of  the  initial  phase. of  the  sonic  test  program.  To 
facilitate  the  tenp.^rature  control  of  the  backup  structure  and 
simulated  heat  shields,  the  fibrefrax  insulation  between  then  . 
was  removed  for  testing  and  chromel  vs, -alumel  thermocouples  were 
spotwelded  to  the  backup  structure.  The  specimen  was  positioned 
on  the  alun:’na  brick  test  bed  and  locked  in  place  with  "L"  snaped 
bolts.  One-eighth  inch  fibrefrax  board  was  cut  to  fit  snugly 
in  the  ends  of  the  specimen  to  reduce  air  circulation,  *.he 
final  step  in  specimen  preparation  was  to  mount  the  thermocouple 
probe-type  sensors  on  the  external  surface. 


3. 7. 2. 2 


Each  leading  edge  test  specimen  was  subjected  to  the  heat 
shown  in  Fig.  3-59  and  3-40.  The  heat  program  consisted  ^ 
40  minute  heat  cycles  followed  by  a  10  minute  heat  pulse. 
Maximum  temp.ratures  of  2700° F  during  the  40  minute  cycle 
3000°F  during  the  10  minute  pulse  were  attained.  The  sim 
heat  shields  were  subjected  to  two  or  three  of  the  above- 
heat  programs  because  only  four  sets  of  heat  shielas  were 
cated  for  the  ten  leading  edge  heat  programs  conducted, 
failures  to  the  disilicide  coating  on  the  simulated  heat 
had  occurred,  Sears  Roebuck  furnace  cement  was  applied  to 
further  erosion. 
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3*7.5  I'ooa  Tegperature  Losd  Itest  LT3*€l7"3 

3.7.3.1  TLve  6poc:r«as,' 23-20367,  25-20372,  23-20376,  23-20578,  esii  23-20341 

were  olcv;-l0Rd  .tested  at  lSO  pounds  per  ninute,  esnd  two  spociraens, 
23-203^>l-2  and  23-20376-2,  were  rapid-load  tested  at  94,000  pounds 
per  minute.  , 

3. 7. 3. 2  The  four  slow-load  ^dmens^  23-20367  ,  23-20372  ,  23-20376,  and  23- 
2037S,  were  ■  instrumented  with  rosette  strain  (jaceB  and  loaded,  in 
incre^’ients  of  100  poxmds.  Strain  data  recorded  vns  -recorded  at  each 
• loadv increment. 

3.7. 3. 3  During  the  loading  of  the  specimens,  photographs  were  taken  of  the 
opeciiTiens  and  the  load  dial  simultsnecusly  at  regular  intervals  (ten 
second  intervale  for  slov;-loading  ar:d  sixteen  frames  per  second  for 
the  rapid-.l.oading).  The  r/.otion  of  graduated  clips  ar;d  pointed 

••screvisiattsched  to  the  otieeii-en  at  critical  deflection  points  was  re 
'  ■  corded  relative,  tc  a  grid  plJiccd  ever  the  ca;v,era  lens.  .  Fig.  3-41 

shows  a  typiced  a-pjoimeu  \;ith  aero  load  and  icajd-trua  load.  The  grid 
indicates  the  deflection. 
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TEST  KESULTS 


3.8.1 

3.8.1.1 


3.8.1.2 


3.8.1.3 


3.8.2 

3.8.2.1 


3.8. 2.2 


3.8.3 

3.8.3.1- 


3.8. 3.2 


3.8.3.3 


Sonic  Test 

None  of  the  ten  '  specimens  tested  developed  visible  failures  due 
to  sonic  excitation.  Photos  of  the  tested  specimens  are  shown  in 
Figs.  3-^2  through  3-52. 

All  c  ten  sonic  environment  amplitudes  exceeded  the  required  peak/rms 
ratio  of  3.  Plots  showing  the  test  runs  with  the  minimum  and  the 
maximum  amplitude  distribution  curves  are  on  Fig.  3-110*  All  of  the 
other  test  runs  were  within  these  limits. 

Plots  of  the  sonic  test  spectrum. for  each  specimen  tested  are  shown 
on  Figs.  3-111  through  3-120. 

Thermal  Cycle  Test 

Time  versus  temperature  strip  chart  records  of. each  control  thermo¬ 
couple  were  obtained  for  each  specimen.  No  data  was  reduced  from 
these  records  except  the  plots  for  typical  test  runs  as  shown  in 
Figs.  3-53  through  3-58. 

The  monitor  thermocouple  tabulated  data  has  bec-n  included  in  this 
report  in  Volumes  2  and  3.  comparative  purposes,  photographs  of 
specimens  before  and  after  heat  cyclic  testing  are  presented  .in 
Figs.  3-59  through  3-86. 

Boom  Temperature  Load  Test 

Load  versus  deflection  data  is  tabulated  for  each  of  the  slow-load 
specimens  in  Volume  3  of  this  document.  All  rosette  strain  gage  data 
is  presented  in  Volume  3. 

Load  versus  time  curves  for  the  two  rapid-load  specimens  and  load 
versus  deflection  data  are  presented  in  Volume  3*  For  specimen 
25-20376-2,  the  first  load  cycle  was  considered  invalid  (see  3. 9*2. 3) 1 
so  none  of  the  data  was  tabulated. 

Photographs  of  all  of  the  specimens  after  load  testing  are  presented 
in  Figs,  3-87  through  3-10^.  X-ray  photographs  of  the  slow-load 
tested  .speciaens  are  presented  in  Figs.  3-105  through  3-109. 
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3.9.1 


TEST  OBSERVATIONS 
Thermal  Gradient  Test 


3.9.1.1  Specimen  25-20372-1 


Before  the.  heat  test,  the  surface  of  the  leading  edge  was  mottled  and 
pitted,  but  there  were  no  breaks  in  the  disilicide  coating  (Fig.  3-59)' 
Three  minutes  after  the  start  of  the  third  cycle,  the  test  was  halted 
due  to  a  short  circuit  between  ivo  lamps.  The  Inj’ps  and  a  thermo¬ 
couple  had  to  be  repaired.  Then  testing  was  completed.  Ko  tabulated 
data  was  recorded  after  7C0  seconds  in  the  third  cycle  duo  to  a 
cracked  recording  head  in  the  digital  da.ta  system.  After  the  heat 
teat  (Fig.  3-60),  there  was  no  apparent  coating  failure. 


3.9. 1.2  Specimen  25-20372-2 


Fig.  3-^1  chows  pretest  condition,  and  Jig.  3-^2  shews  no  coating 
failures  after  5  tests. 


5. 9. 1.3  Spec i-’.'ie n  25-203^7-1 


shov/s  pretest  conartiou.  There  was  no  nc  ^iceablc 
to  the  specimen  .after  5  heat  cycles  (Jig.  3-64  tmd  3-65). 


3. 5. 1.4  SpeciiTion  25-203^7-2 


Jig,  3-66  shows  pretest  condition.  The  heat  shields  from  a  previous 
test  vrerc  reused  on  this  spccir.oa.  Fig.  5-67  fuid  3-60  chow  post 
test  results.  The  eroded  heat  cbiolds  h.avc  beer,  repr-ir'd  with  Sears 
Roebuck  Furnace  Gement.  The  coating  on  the  ler.ddnj  ecl.je  segment 
becas.e  a  little  mottled,  but  no  failures  occurred. 


3,9. 1.5  Specimen  25-2037^-1 


Fig.  3-69  nhov/s  j:retect  condition.  During  the  second  heat  cycle, 
a  nlatinum  thermocouple  cane  in  contact  -v.'ith  the  heat  sh.ield  unat-r 
gone  1  and  Cvsuced  a  small  hole  to  erode  (Fig.  3~?C).  The  hole  v.'us 
patched  with  Serors  Roebuck  Jurnaco  Cement  end  to.st'ing  continued. 

After  the  fourth  hec.t  cycle,  it ’was  found  that  Zone  2  had  been  over¬ 
heated  an  undetermined  amount  (Figs..  3-70  and  3-71) •  This  v.'as 
apparently  caused  by  the  control  thermocouple  sh.ifting  position  during 
the  test.  Fig.  3-72  sho\.'3  the  Zone  7  side.  Fig.  p-73  shows  coating 
failure  after  3000®F.heat  pulse. 


3. 9, 1.6  Specimen  25-2037'3-2 


Fig,  3-74  chows  the  heat  shield  on  Zone  1  side  of  specimen  eroded 
around  edges.  The  coa-ting  foiled  around  some  of  the  rivets,  and  a 
one-quarter  inch  hole  eroded  tmder  the  control  thermocouple.  Fig. 
3-75  show.-  the  .area  under  Zone  6  glased  due  to  over-heating,  and  a 
small  hole  eroded  at  the  control  thermocouple  location. 
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3.9»1»7  Specimen  25-20341-1 


Fig.  5-76  shows  pretest  condition  and  Fig,  3-77  chows  no 
noticeable  coating  failure  after  heat  '.tests.  The  ten 
minute  heat  pulse  had  to  be  repeated.  An  over-tempera¬ 
ture  switch  was  set  incorrectly  and  the  power  to  Zone  4 
was  cut  off  each  time  the  temperature  exceeded  2200*F, 


.3,9«1«8  Specimen  25-20341-2 


Fig,  3-78  shows  pretest  condition.  Figs,  3-79  end  3-80 
show  specimen  after  heat  tests,  A  rivet  on  the  Zone  7 
heat  shield  failed  during  tests. 


3, 9, 1,9  Specimen  25-20378-1 


The  hole  around  the  rivet  on  the  leading  edge^  seen  in 
the  pretest  photo  in  Fig,  3-81*  was  a  manufacturing 
error.  The  heat  shields  had  been  used  previously  on 
25-20378-2,  Fig.  3-82  and  3-83  shows  post-test  condition. 
Only  noticeable  damage  was  further  erosion  of  heat  shields, 


3.9,1,10  Specimen  25-20376-2 


Fig.  3-54  shows  pretest  condition.  One  of  the  heat  shields 
was  cracked  when  it  was  mounted  on  the  backup  structure 
(Fig.  3-25),  It  was  sealed  with  furnace  cement.  During  the 
heat  cycles,  two  rivets  eroded  in  the  heat  shield  (Fig.  3-86), 
There  was  no  coating  failure  to  the  leading  edge. 


3.9.2 
3. 9. 2.1 


•3. 9. 2. 2 


3.9.2.3 


3. 9. 2.4 


Load  Test 

Specimen  25-20376  failed  at  a  load  of  I988  pounds  by  brittle 
fracture  of  structural  elements  (Figs,  3-96,  3-97»  3-98,  and 
3-IO9)  when  it  was  slow-load  tested. 

The  slow-load  tests,  on  the  first  four  specimens,  resulted 
in  unexpectedly  high  loads  and  plastic  deformations.  The 
possibility  that  strain-rate-sensitivity  of  the  specimen 
material  (Ko-0,5  Ti)  would  alter  these  results  under  higher 
load  rates  prompted  further  ipvestigation  through  the  rapid- 
,.load  test  program. 

Both  rapid-load  specimens  were' inadvertently  .unloaded  by  an 
improperly  set  deflection  switch.  The  switch  was  supposed 
to  be  set  so  the  loading  would  be  halted’ on  failure  of  the 
specimen,  Sach  specimen  was  loaded  a  second  time  to  accomplish 
the  desired  test. 

Specimen  25-20541-2  failed  initially  at  a  load  of  1100  pounds 
when  rapid-load  tested,  A  delay  in  the  test  machine  unloading 
system  resulted  in  a  maximum  load  of  2900  pounds  ‘being  applied 
to  the  backup  structure.  FAg.  3-100  shows  the  failed  specimen. 
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